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Abstract

Methods
A literature review was conducted using articles published between 2014 and 2024 and indexed in the
PubMed and SciELO databases to examine the efficacy and safety of allergen-specific immunotherapy
and biologic medications. The findings were synthesized descriptively; no formal risk-of-bias
assessment or meta-analysis was performed.

Results
The studies reviewed indicated that biologic agents, such as dupilumab, mepolizumab, and omalizumab,
may be effective in severe cases, with symptom reduction and generally favorable safety profiles.
Subcutaneous and sublingual immunotherapy also showed clinical benefits and a generally satisfactory
safety profile, including reports of sustained effects over time.

Discussion
The comparison between the two therapeutic strategies indicates that treatment selection should
consider patient characteristics, disease severity, and treatment objectives. Biologic agents may be
appropriate in severe cases, whereas immunotherapy may support sustained disease control and
immunomodulation.

Conclusion
Both approaches may have a role in the management of respiratory allergies. Individualized treatment
and further research on biomarkers and combination strategies may help improve outcomes.

Introduction
Immunology, an essential branch of the biological sciences, focuses on the study of the body's defense
mechanisms and is fundamental to understanding allergic reactions and developing increasingly
specific therapeutic strategies. The immune system comprises two main components: innate immunity,
which provides immediate protection against harmful agents, and adaptive immunity, which mounts
more specific and long-lasting responses and is responsible for antibody production, including
immunoglobulins (Igs). Among these, immunoglobulin E (IgE) plays a central role in allergic responses
mediated by type I hypersensitivity [1, 2].

The regulation of this immune response requires regulatory mechanisms that prevent excessive or
autoimmune reactions. These mechanisms include regulatory T cells (Tregs), immunosuppressive
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cytokines such as IL-10 and TGF-β, and immune checkpoint molecules, such as CTLA-4 and PD-1, which
modulate T-cell activation [3].

When this balance is disrupted, allergic manifestations may arise as a result of type I hypersensitivity
reactions. This immediate immune response occurs when IgE, previously produced in response to an
allergen, binds to high-affinity receptors on mast cells and basophils. Activation of these cells leads to
the release of histamine and other inflammatory mediators, resulting in symptoms such as rhinitis,
asthma, urticaria, and conjunctivitis and, in more severe cases, anaphylaxis [4, 3].

Type I hypersensitivity comprises two phases. The first, known as the sensitization phase, occurs when
initial exposure to an allergen leads to the production of allergen-specific IgE. The second, or effector
phase, occurs when re-exposure to the same allergen triggers the activation of sensitized mast cells and
the subsequent clinical reaction. Persistently elevated IgE levels are particularly observed in atopic
individuals, including those with allergic rhinitis or asthma [5, 19].

In this context, allergen-specific immunotherapy, commonly referred to as allergy shots or allergy
vaccines, has emerged as a therapeutic approach aimed at reducing sensitivity to allergenic substances.
Treatment involves the progressive administration of doses of the allergen responsible for the
symptoms, with the aim of promoting desensitization and restoring immune balance. The efficacy of
immunotherapy depends on factors such as the degree of patient sensitization, the type of allergy
involved, and the frequency of allergen exposure. This strategy has been effective in controlling chronic
manifestations such as rhinitis, asthma, and allergic rhinoconjunctivitis, which are frequently associated
with continuous exposure to environmental allergens, including mites, pollen, and fungi [6, 20].

In recent years, advances in biotechnology have enabled the development of biologic medications that
act with high specificity on molecular targets involved in the immune response. These agents include
vaccines and monoclonal antibodies of human or animal origin that are modified in the laboratory to act
directly on endogenous molecules, such as pro-inflammatory cytokines (TNF-α, IL-1, and IL-6) or cell
surface receptors (CD20 and CD4) [7]. In the context of allergic diseases, most currently approved
biologic agents target the type 2 (Th2) inflammatory pathway. These include monoclonal antibodies
directed against IL-5, IgE, IL-4, and IL-13, which are particularly indicated for severe cases or those
refractory to conventional treatment [8].

According to the Brazilian Association of Allergy and Immunology (ASBAI), approximately 30% of the
Brazilian population has some form of allergy. Given the increasing prevalence of allergic respiratory
diseases and the evolution of therapeutic approaches, understanding and comparing the efficacy of the
different available treatment modalities is essential. Allergen-specific immunotherapy and biologic
agents represent promising strategies for managing persistent, moderate, or severe cases of allergic
rhinitis and asthma, with a direct impact on quality of life and disease control. In this context, the present
study aimed to conduct a literature review to evaluate the efficacy and safety of allergen-specific
immunotherapy and biologic agents in the treatment of respiratory allergies.
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Methods
Study Design: This study was designed as a literature review aimed at evaluating the efficacy and safety
of allergen-specific immunotherapy, including allergy vaccines, and biologic agents in the treatment of
respiratory allergies, such as asthma and allergic rhinitis.

Search Strategy and Study Selection: The literature search was conducted using the PubMed and SciELO
databases with the following search terms: “immunotherapy for anti-allergy vaccines,” “respiratory
allergies,” “allergens,” “asthma,” and “rhinitis.” Studies published in Portuguese or English between 2014
and 2024 were eligible for inclusion.

The selection process involved an initial screening of titles and abstracts, followed by full-text
assessment of articles considered potentially eligible according to the inclusion criteria. The search and
selection procedures were used to organize the literature reviewed; however, no formal assessment of
the risk of bias of the included studies was conducted.

Inclusion Criteria: Original studies investigating the use of allergen-specific immunotherapy or biologic
agents for the treatment of asthma and/or allergic rhinitis in humans were included. Eligible studies
were required to report relevant qualitative or quantitative clinical data on the efficacy, safety, or other
therapeutic outcomes of these interventions and to employ an appropriate methodological design,
including clinical trials, cohort studies, case-control studies, or observational studies providing
consistent data.

Exclusion Criteria: Review articles, editorials, letters to the editor, conference abstracts, and studies for
which the full text was unavailable were excluded. Studies conducted exclusively in animal models or in
vitro, as well as publications addressing non-respiratory clinical conditions, were also excluded.
Duplicate records identified across databases and articles that did not fall within the scope of the review
were likewise excluded.

Data Analysis and Interpretation: The findings of the selected studies were analyzed qualitatively and
descriptively through a narrative synthesis. The evidence was organized into tables and discussed in
terms of clinical efficacy, safety, therapeutic outcomes, and the applicability of allergen-specific
immunotherapy and biologic agents in the treatment of respiratory allergies. No meta-analysis or
quantitative statistical analysis was performed.

Ethical Considerations: This literature review involved neither primary data collection nor direct
participation of human subjects. Accordingly, submission to and approval by a Research Ethics
Committee were considered unnecessary, in accordance with the guidelines established by Resolution
No. 510/2016 of the Brazilian National Health Council, which exempts research based exclusively on
bibliographic sources from ethical review.

Results
Page 4/28



The literature search and study-selection process is summarized in Figure 1. The flowchart presents the
records reported at the search and selection stages in the source figure.

Following study selection and literature analysis, a table was developed to summarize the main
information regarding the use of immunotherapy (Table 1) and biologic medications (Table 2) in the
treatment of respiratory allergies. The interventions were categorized according to the number of
included studies, allowing their representation in the current scientific literature to be assessed.

The synthesis of the 65 articles identified two major groups of therapeutic strategies: allergen
immunotherapy (AIT) and biologic medications. Among AIT modalities, subcutaneous immunotherapy
(SCIT), sublingual immunotherapy (SLIT), sublingual tablets, intralymphatic immunotherapy, intradermal
immunotherapy, and preseasonal regimens were highlighted. Among biologic medications, the studies
focused primarily on dupilumab, mepolizumab, omalizumab, and benralizumab.

SCIT was associated with reduced rhinitis symptoms, decreased medication use, and improved quality
of life, as well as changes in IgG4 levels and inflammatory markers. More recent studies have also
described clinical and immunomodulatory benefits in patients with rhinitis and asthma. SLIT, including
tablets for house dust mites and pollen, was associated with improvements in symptoms and quality of
life, with adverse events predominantly local and of mild to moderate severity. Follow-up studies also
suggested that these benefits may persist after treatment discontinuation.

Among biologic medications, dupilumab was the most frequently represented agent in the synthesis.
Studies reported improvements in symptoms, quality of life, olfactory function, and asthma control in
patients with chronic rhinosinusitis with nasal polyps, as well as reductions in biomarkers associated
with type 2 inflammation. Mepolizumab, which targets IL-5, demonstrated benefits in reducing
eosinophilia, corticosteroid use, and disease severity in patients with eosinophilic phenotypes.
Omalizumab, in turn, demonstrated benefits in allergic asthma and rhinitis in clinical and observational
studies.

Adverse events varied according to the therapeutic modality. With AIT, local reactions and mild to
moderate symptoms were the most frequently observed events, although systemic reactions may occur
and warrant clinical monitoring. Among biologic medications, mild adverse events predominated,
including injection-site reactions, headache, and nonspecific symptoms. However, the safety profile
depends on the medication, the phenotype being treated, and the duration of follow-up.

Table 1.Analysis of data from review articles on immunotherapy for the treatment of respiratory allergies
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Pharmacological Class
and Therapies:

Number of
articles
addressing
the therapy:

Observed results: Adverse effects:

[27-34]Sublingual tablets
(drops/tablets for mites,
house dust mites, timothy
grass, SQ grass, and
extracts of
*Dermatophagoides
pteronyssinus* and
*Dermatophagoides
farinae*)

8 Sublingual immunotherapy
(SLIT) significantly
improved asthma and
rhinitis symptoms, lung
function, and disease
control, while reducing
airway inflammation and
medication use. Benefits
were more evident after 24
months and persisted for
up to 5 years, with good
tolerability and a favorable
safety profile, including in
children.

Adverse effects of the
tablets were
predominantly mild to
moderate, mainly oral
itching, throat irritation,
and oral swelling. Few
patients discontinued
treatment, and no
cases of anaphylaxis or
death were reported.

[35-44]Specific
immunotherapy (house
dust mites, *Lolium
perenne* peptides, grass
pollen, tree pollen, weed
and flower pollen, fungi,
and epithelia)

10 Specific immunotherapy
significantly reduced
allergic symptoms and
medication use, improving
quality of life and immune
response. Patients
reported high satisfaction,
safety, and ease of use,
with similar benefits
across different methods
after three years of
treatment.

Adverse effects were
predominantly mild to
moderate, mainly oral
itching, throat irritation,
and oral swelling.
Approximately 2.3%
experienced serious
events and 19%
experienced
bothersome but non-
serious events. No
systemic

[45-53]Subcutaneous
immunotherapy (house
dust mites, animal dander,
flower pollen, wool,
feathers, *Olea europaea*,
*Dermatophagoides
pteronyssinus*,
*Dermatophagoides
farinae*, *Blomia
tropicalis*, fungi, and
*Phoenix dactylifera*
pollen)

9 Subcutaneous
immunotherapy (SCIT)
significantly reduced
rhinitis symptoms,
improved quality of life,
decreased medication use,
and reduced nasal
eosinophilia. Immune
markers improved and
safety was good, with only
8 systemic reactions. High
asthma remission rates
and reduced IL-33 levels
were also observed after
treatment.

Adverse effects were
predominantly mild to
moderate and non-
serious, including
headache, respiratory
infections, pharyngitis,
and skin reactions.
Only 11 systemic
events related to
immunotherapy were
recorded, with no cases
of anaphylaxis or
death.

[54]Intradermal
immunotherapy (house
dust mites)

1 Intradermal
immunotherapy (IDIT)
significantly reduced
allergic rhinitis symptoms
in children, with
improvement apparent in
the first month. It also
reduced skin reactivity and
increased IgG4 levels,
showing good tolerability

No adverse effects
were reported.
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and a favorable clinical
response.

[55-57]Intralymphatic
immunotherapy (birch
pollen, grass, timothy
grass, and intralymphatic
immunotherapy placebo)

3 Intralymphatic
immunotherapy (ILIT)
significantly reduced
symptoms and medication
use and improved quality
of life for up to two years.
It also promoted favorable
immunological changes,
such as increased
regulatory T cells, IFN-γ,
and IL-10, and reduced IgE,
suggesting a lasting effect
and potential as an
alternative to conventional
immunotherapy.

Mild local pain was the
most common adverse
event.

[58-63]Sublingual
immunotherapy (house
dust mites,
*Dermatophagoides
pteronyssinus*,
*Dermatophagoides
farinae*, and grass pollen)

6 SLIT significantly improved
rhinitis and asthma
symptoms and quality of
life after three years. It also
promoted favorable
immunological changes,
including increased IgG4
and reduced eosinophils
and allergen-specific IgE.
The 300-SRU dose showed
greater efficacy, with
musculin (MSC) emerging
as a possible response
biomarker.

Adverse effects were
predominantly mild to
moderate, mainly oral
itching and swelling
and abdominal pain.
Local reactions
occurred in
approximately 29% of
patients and
gastrointestinal
reactions in about 6%,
with no serious events
or anaphylaxis
reported.

[64]Three injections of an
aluminum hydroxide-
adsorbed allergoid
preparation containing six
grass allergens

1 The accelerated high-dose
regimen showed safety
and tolerability similar to
the standard regimen in
children and adolescents
and was feasible in
patients with or without
asthma. IgE profiles did
not differ significantly
between groups.

Systemic allergic
reactions occurred in
approximately 5% of
patients.

[65]Preseasonal
immunotherapy (grass
pollen)

1 Preseasonal grass-pollen
immunotherapy
significantly increased
specific IgE and IgG4
levels and improved quality
of life. Benefits were
similar in monosensitized
and polysensitized
patients.

Not specified.

Abbreviations: SLIT, sublingual immunotherapy; SCIT, subcutaneous immunotherapy; IDIT, intradermal
immunotherapy; ILIT, intralymphatic immunotherapy; HDM, house dust mites; IgE, immunoglobulin E; IgG,
immunoglobulin G; IgG4, immunoglobulin G subclass 4; sIgG, allergen-specific immunoglobulin G; sIgG4,
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allergen-specific immunoglobulin G4; IL-2, interleukin 2; IL-10, interleukin 10; IL-33, interleukin 33; IFN-γ,
interferon gamma; Th2, type 2 helper T lymphocytes; MSC, musculin; SRU, standardized reactivity unit;
TNSS, total nasal symptom score; fVAS, facial visual analog scale; FVC, forced vital capacity; FEV1,
forced expiratory volume in one second; PEF, peak expiratory flow; Phl p, designation for *Phleum
pratense* (timothy grass) allergen.

Source: Prepared by the authors.

Table 2. Analysis of data from review articles on biologic drugs for the treatment of respiratory
allergies
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Pharmacological
Class and
Therapies:

Number of
articles
addressing
the therapy:

Observed results: Adverse effects:

[1-
2]Benralizumab

2 After one year of treatment,
symptoms and quality of life
improved significantly, with
reductions in SNOT-22, NPS,
and VAS scores and improved
asthma control (ACT).
Reductions in eosinophils and
neutrophils in nasal cytology
were also observed,
indicating benefits for both
severe eosinophilic asthma
and chronic rhinosinusitis
with nasal polyps.

Regarding nasal polyps, only 1
patient (5.8%) required
surgery after treatment with
benralizumab.No other
adverse effects were
mentioned.

[3-17]Dupilumab 15 Dupilumab significantly
improved nasal polyps,
quality of life, sense of smell,
and asthma control, with few
adverse effects. NPS and
SNOT-22 scores decreased,
ACT and FEV1 increased, and
eosinophils and inflammatory
biomarkers—including IgE, IL-
13, and eotaxins—decreased.
It also reduced severe
exacerbations, demonstrating
efficacy and good tolerability
in patients with chronic
rhinosinusitis with nasal
polyps.

Adverse events associated
with dupilumab were
predominantly mild, mainly
pain or discomfort at the
injection site. Asymptomatic
hypereosinophilia, arthralgia,
epiphora, and headache were
also reported, with a decrease
in event frequency and
intensity over the course of
treatment.

[18-
21]Mepolizumab

4 Mepolizumab showed a 70%
response rate in eosinophilic
chronic rhinosinusitis,
reducing symptoms,
corticosteroid use, and FeNO.
In patients with severe
CRSwNP, it also reduced
polyp size, nasal obstruction,
and the need for surgery and
systemic corticosteroids.

After eight months of
mepolizumab treatment, one
patient developed right-sided
cervical lymphadenopathy.No
other adverse effects were
mentioned.

[22]Reslizumab 1 Reslizumab reduced
peripheral eosinophil counts
but did not improve sinonasal
symptoms. The results
suggest that eosinophils may
not be the main mediators of
the disease, whereas mast
cells may play a relevant role
in the persistence of
symptoms.

Not specified.
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[23-
26]Omalizumab

4 Omalizumab significantly
improved lung function,
asthma control, nasal and
ocular symptoms, and quality
of life. Medication use,
corticosteroid use, and FeNO
decreased; benefits were also
reported across different
allergic diseases, including
rhinitis, chronic urticaria, and
atopic dermatitis.

Adverse effects of
omalizumab were generally
mild and infrequent, mainly
injection-site reactions,
headache, nausea, and
fatigue. Only 3.5% of patients
discontinued treatment
because of adverse events,
and no serious events were
reported.

Abbreviations: ACT, Asthma Control Test; SNOT-22, 22-item Sino-Nasal Outcome Test; NPS, nasal polyp
score; VAS, visual analog scale; CRSwNP, chronic rhinosinusitis with nasal polyps; FeNO, fractional
exhaled nitric oxide; IL-13, interleukin 13; FEV1, forced expiratory volume in one second.

Source: Prepared by the authors.

 Immunotherapies:Allergen immunotherapy, commonly referred to as allergy shots or allergy vaccines,
represents a therapeutic approach aimed at reducing sensitivity in individuals who develop allergic
reactions to specific substances [6].

The immunotherapy modalities identified in the results of the present study included sublingual tablets,
allergen-specific immunotherapy, intradermal immunotherapy, intralymphatic immunotherapy,
subcutaneous immunotherapy, a regimen consisting of three injections of an aluminum hydroxide-
adsorbed allergoid preparation containing six grass species, and preseasonal immunotherapy. Notably,
the most frequently identified approaches were allergen-specific immunotherapy (10 articles),
subcutaneous immunotherapy (9 articles), sublingual tablets (8 articles), and sublingual immunotherapy
(6 articles). These findings indicate the predominance of these immunotherapy modalities in clinical
practice and underscore their relevance.

However, it is important to note that allergen-specific immunotherapy, which was extensively
documented in the results of this study, involves a variety of allergens, including house dust mites,
Lolium perenne peptides, grass, tree, and weed pollens, flowers, fungi, and epithelial allergens. This
approach involves administering a vaccine containing the allergens responsible for the allergic reaction,
with the aim of enhancing the patient's immune response and reducing sensitivity to a specific
substance [20].

Allergen-specific immunotherapy is recommended when patients cannot avoid allergen exposure or
when pharmacological treatment does not provide a satisfactory response. This treatment is effective in
preventing IgE-mediated allergic diseases in atopic individuals by reducing the degree of sensitization,
as reflected by IgE antibody levels, and tissue responses to allergens, thereby preventing severe
immediate allergic reactions. Furthermore, this therapy may modify the underlying features of chronic
allergic conditions, making it particularly relevant to the management of rhinitis and asthma. It is also
indicated for patients who experience anaphylaxis following insect stings. The approach is based on the
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administration of multiple doses of allergen extracts at gradually increasing concentrations and at
regular intervals over a period that may range from one to five years. The objective is to achieve clinical
tolerance in hypersensitive patients, thereby attenuating symptoms following exposure to specific
allergens [9].

In the present study, significant positive outcomes were observed, including relevant changes in allergic
symptoms, improvements in patients' quality of life, and reductions in the severity of clinical
manifestations. The efficacy of immunotherapy was supported by changes in skin test responses and
decreased use of antiallergic medications. Treated patients exhibited lower allergen reactivity and
reduced levels of inflammatory mediators, suggesting a more effective immune response. Furthermore,
most participants reported that the treatment was safe and easily incorporated into their daily routines,
indicating high levels of satisfaction with the treatment process.

Previous studies, including those by [10, 11], support these findings, demonstrating that immunotherapy
not only improves allergic symptoms but also reduces long-term dependence on medication. These
studies further reported that, after three years of treatment, immunotherapy efficacy was comparable
across different modalities, with no significant differences in safety outcomes. Thus, the literature
highlights the importance and efficacy of immunotherapy in the management of allergic diseases [10,
11].

Regarding subcutaneous immunotherapy (SCIT), the treatments included allergens such as house dust
mites, animal dander, flower pollens, wool, feathers, Olea europaea, Dermatophagoides pteronyssinus,
Dermatophagoides farinae, Blomia tropicalis, fungi, and Phoenix dactylifera pollen. It is important to
emphasize that allergen immunotherapy is predominantly administered through subcutaneous
injections, in which progressively increasing doses of the allergen responsible for sensitization are
administered until a maintenance dose is reached. Treatment duration generally ranges from
approximately 3 to 5 years after the maximum clinical effect has been achieved, with this decision
influenced by individual factors that may affect the patient's response. Although immunotherapy aims to
modulate the immune response and reduce sensitivity to specific allergens, continuous monitoring of
treatment progress and patient response is essential to ensure the safety and efficacy of the procedure
[20].

The SCIT findings demonstrated a significant improvement in allergic rhinitis symptoms, with an
approximately 79% mean reduction in symptom scores at the end of treatment. Patients experienced
improvements in symptoms such as nasal itching, sneezing, and congestion, resulting in a better quality
of life. Regarding immunological parameters, significant increases in sIgG and sIgG4 levels were
reported, along with reduced allergen-specific reactivity. After three months of treatment, a decrease in
medication use and improvements in clinical biomarkers, including interleukin-33, were observed. SCIT
also demonstrated efficacy in reducing nasal eosinophilia and improving allergen provocation test
results. These findings suggest that SCIT is not only safe and effective but may also contribute to
asthma remission over time (Table 1).
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Furthermore, sublingual tablets are medications placed under the tongue, where they dissolve in saliva.
The main advantage of this route of administration is the direct absorption of the medication into the
systemic circulation, thereby avoiding first-pass hepatic metabolism [12]. In the articles analyzed in this
study, these tablets contained various allergens, including anti-mite drops, house dust mites, Timothy
grass, SQ grass, and extracts of Dermatophagoides pteronyssinus and Dermatophagoides farinae.

The findings concerning sublingual tablets indicated significant improvements in asthma and rhinitis
symptoms. Studies demonstrated reductions in both daytime and nighttime symptoms, together with
improvements in pulmonary function parameters, including forced vital capacity (FVC), forced expiratory
volume in one second (FEV₁), and peak expiratory flow (PEF), as well as better disease control,
particularly after 24 months of treatment. In addition, these treatments were associated with reduced
eosinophil counts and decreased airway wall thickness. Quality of life improved, with reductions in
rhinitis and asthma symptoms and decreased medication use. Grass pollen and house dust mite
sublingual tablets demonstrated efficacy in reducing asthma and rhinoconjunctivitis symptoms, with a
favorable safety profile, including in children. Positive effects were reported for up to five years after
treatment initiation, suggesting sustained benefits (Table 1).

Finally, it is important to emphasize that the sublingual immunotherapy (SLIT) formulations described in
this study included a variety of allergens, namely house dust mites, Dermatophagoides pteronyssinus,
Dermatophagoides farinae, and grass pollens. In this treatment modality, the allergen responsible for the
allergic reaction is administered in progressively increasing doses, using drops placed under the tongue
daily or three times per week. Treatment duration varies according to individual patient characteristics
and generally ranges from 3 to 5 years. Moreover, because administration is sublingual, patients can
administer the treatment at home, avoiding needle-related discomfort and the need for weekly visits to a
healthcare facility for injections [13].

In the studies analyzed, SLIT demonstrated consistent results in the treatment of allergic rhinitis, with
significant improvements in symptoms and quality of life after three years of follow-up. The therapy
stimulated the expansion of Th2 and regulatory T cells while reducing the reactivity of functional Th2
cells, indicating a beneficial immunological effect. Among treated patients, reductions in symptom
scores related to asthma and rhinitis were observed. Analysis of immunological biomarkers further
supported these findings, highlighting increased expression of musculin (MSC) in pathogenic Th2 cells,
associated with their differentiation into regulatory T cells; reduced serum eosinophil counts; increased
IgG4 levels and IgE-blocking activity; and a progressive decrease in allergen-specific IgE. These findings
indicated a dose-dependent response, with a dose of 300 standardized reactivity units (SRU) considered
the most effective. Finally, quality-of-life assessments revealed substantial improvements in daily
activities, sleep quality, and allergic symptoms (Table 1).

Regarding subcutaneous and sublingual immunotherapy, it is important to emphasize that sublingual
allergen preparations, available as drops or tablets, are reported to be as effective as injectable
formulations and to have a more favorable safety profile, with fewer adverse reactions. These
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preparations are indicated for the treatment of asthma, allergic rhinitis, and atopic dermatitis and offer
the advantage of home administration, eliminating the need for frequent clinic visits required for
injectable treatment. Furthermore, they are effective in treating allergies to pollen and house dust mites
when administered at sufficiently high doses of standardized allergens [6]. Studies indicate that both
routes are highly effective and may induce remission of allergic diseases, particularly rhinitis and
asthma, with symptom control lasting approximately 10 years after treatment discontinuation [6].

Regarding adverse events associated with immunotherapy, allergen-specific immunotherapy was
reported to have the most severe adverse events, with approximately 2.3% of patients experiencing
severe reactions, including angioedema of the tongue and lips, post-bronchoscopy pleuritis, and
pyelonephritis. The other modalities—SCIT, sublingual tablets, and SLIT—were associated with mild to
moderate adverse events, including headache, upper respiratory tract infections, pharyngitis, oral
pruritus, oral edema, and abdominal pain.

 Biologic Medications: The concept of biologic medications encompasses vaccines and laboratory-
modified antibodies of human or animal origin that act directly on specific endogenous molecules [7].

In this study, the biologic medications benralizumab, dupilumab, mepolizumab, omalizumab, and
reslizumab were analyzed. These therapies have received approval from the Brazilian Health Regulatory
Agency (ANVISA) and the US Food and Drug Administration (FDA) for clinical use in specific conditions,
following rigorous clinical studies demonstrating their efficacy and safety for indications such as asthma
and rhinitis. However, further research and clinical trials are ongoing to evaluate the efficacy of these
medications in other diseases and explore new indications or therapeutic combinations [17].

Dupilumab was the most frequently mentioned and utilized medication in the collected data, being
referenced in 15 of the selected articles. Mepolizumab and omalizumab ranked next, each being cited in
four articles.

It is important to emphasize that dupilumab is a fully human immunoglobulin G4 (IgG4) monoclonal
antibody that inhibits interleukin-4 (IL-4) and interleukin-13 (IL-13) signaling by specifically binding to the
IL-4 receptor alpha (IL-4Rα) subunit, which is shared by the receptor complexes for IL-4 and IL-13.
Dupilumab inhibits IL-4 signaling through the type 1 receptor and both IL-4 and IL-13 signaling through
the type 2 receptor. By blocking the IL-4Rα subunit, dupilumab inhibits responses induced by IL-4 and IL-
13, including the release of pro-inflammatory cytokines, chemokines, and immunoglobulin E (IgE) [3].

According to [14], this type of immune response is mediated by T helper 2 (Th2) lymphocytes, cells of the
adaptive immune system that play an essential role in defense against extracellular parasites and in
allergic responses. Th2-mediated inflammation is associated with allergic diseases, such as asthma,
allergic rhinitis, and atopic dermatitis, as well as with certain autoimmune diseases. By blocking these
pathways, dupilumab helps reduce inflammation, hypersensitivity, and symptoms associated with
allergic and inflammatory diseases [8].

Page 13/28



In the data collected for this study, dupilumab was used predominantly to treat chronic rhinosinusitis
with nasal polyps, resulting in improvements in quality of life, olfactory function, and asthma control, with
a low incidence of adverse effects. Injection-site discomfort was the most commonly reported
complaint. The results showed that, after two months of treatment, symptoms decreased significantly,
with a two-point reduction in the nasal polyp score (NPS) and a 42-point reduction in the 22-item Sino-
Nasal Outcome Test (SNOT-22). Improvements continued over time, although they became less
pronounced. Furthermore, treatment led to a significant reduction in eosinophil counts and decreases in
inflammatory biomarkers, including eosinophil cationic protein (P = 0.008), eotaxin-2 (P = 0.008),
eotaxin-3 (P = 0.031), IgE (P = 0.023), and IL-13 (P = 0.031), suggesting that nasal cytology may be a
promising method for monitoring treatment response (Table 2). These findings are consistent with the
literature reported by Wollenberg and colleagues, which highlights the efficacy of dupilumab not only in
reducing symptoms but also in modulating the underlying inflammatory response, reinforcing its role as
an innovative therapeutic option for chronic conditions such as rhinosinusitis [15].

In contrast, mepolizumab, a humanized monoclonal antibody targeting interleukin-5 (IL-5), acts through a
different mechanism by focusing on eosinophil regulation. IL-5 is essential for the growth and survival of
these leukocytes, and by inhibiting its bioactivity, mepolizumab reduces eosinophil production and
activity [16]. In the present study, treatment with mepolizumab yielded a response rate of 70% in patients
with eosinophilic chronic rhinosinusitis, resulting in significant improvements in systemic corticosteroid
use, fractional exhaled nitric oxide (FeNO) levels, and symptom severity. It is worth noting that, although
the treatment was generally well tolerated, one patient developed cervical lymphadenopathy after eight
months of treatment, while no other adverse events were reported (Table 2).

Omalizumab, another humanized monoclonal antibody, acts through a distinct mechanism by binding to
circulating immunoglobulin E (IgE) and preventing its interaction with the high-affinity IgE receptor
(FcεRI) on the surface of mast cells and basophils. This action reduces circulating IgE levels and inhibits
cellular activation, which is essential to the cascade of chemical mediator release involved in allergic
responses [17]. The findings of the present study demonstrated significant improvements in pulmonary
function, asthma control, and patients' quality of life, as well as an increase in quality-adjusted life-years.
Visual analog scale (VAS) scores indicated significant reductions in symptoms such as nasal
obstruction and rhinorrhea, with 73% of patients reducing or discontinuing the use of symptomatic
medications. Preseasonal administration of omalizumab also resulted in a significant reduction in nasal
symptoms during the pollen season, leading to a greater number of days without the need for
medication (Table 2).

Regarding adverse events, dupilumab, mepolizumab, and omalizumab exhibited favorable safety profiles,
with events generally being mild and infrequent. For dupilumab, the reported adverse events were
predominantly mild, with injection-site discomfort being the most common complaint. During follow-up,
24 patients reported adverse reactions, including injection-site pain, asymptomatic hypereosinophilia,
arthralgia, epiphora, and headache. The frequency and intensity of these events decreased over the
course of treatment. With omalizumab, patients reported local reactions, such as itching and swelling at
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the injection site, which resolved rapidly. After 4 and 12 months of therapy, the most common adverse
events included headache, nausea, dysphonia, and fatigue. Mepolizumab exhibited a similar safety
profile, but with a lower incidence of serious adverse events; only one case of cervical lymphadenopathy
was reported after eight months of treatment.

These comparisons highlight not only the differences in the mechanisms of action of the three
medications but also the diversity of the observed clinical responses. Whereas dupilumab appears
effective in modulating inflammatory responses and improving quality of life, mepolizumab and
omalizumab demonstrate particular relevance in the contexts of eosinophilia and IgE-mediated
hypersensitivity, respectively. Treatment selection should therefore take into account patients' clinical
characteristics and their individual responses to each therapy (Table 2).

Furthermore, regarding biologic medications, it is important to note that benralizumab and reslizumab
were also identified in the study results. However, their occurrence was limited, and the available findings
were insufficiently substantial to warrant further discussion in the present review.

 Immunotherapy or Biologic Agents: It is essential to distinguish allergen immunotherapy from biologic
agents. The main difference is that allergen immunotherapy promotes immunological tolerance to
specific allergens, whereas biologic agents block signaling pathways involved in immune responses,
modifying how the body responds to allergens and thereby reducing allergic reactions [18].

Allergen immunotherapy was introduced in 1911 by Noon and Freeman. However, it has gained
increasing attention in recent years due to the rising prevalence of allergic diseases and its role as a
therapeutic option for asthma, rhinitis, and atopic dermatitis. It involves the gradual administration of
increasing doses of the allergen responsible for the allergic reaction, with the aim of desensitizing the
immune system and reducing the allergic response [6].

In contrast, biologic agents are medications administered primarily by injection, although some biologic
products can be administered through other routes, that act directly on cells and molecules involved in
allergic reactions [18]. Nevertheless, based on the findings of the present study, a comparative analysis
of biologic medications and allergen immunotherapy indicates that both approaches are effective,
although each offers specific advantages depending on patient characteristics and treatment objectives.

Biologic agents demonstrated significant efficacy in asthma and chronic rhinosinusitis with nasal polyps
(CRSwNP), improving quality of life and reducing eosinophil and neutrophil levels. Furthermore,
dupilumab, benralizumab, mepolizumab, and omalizumab were associated with consistent reductions in
inflammatory biomarkers, including eosinophil cationic protein, eotaxin-2, eotaxin-3, total IgE, allergen-
specific IgE, and IL-13, alongside improvements in pulmonary function and clinical symptom control.
Based on the findings of the present study, these agents are particularly relevant for severe eosinophilic
asthma and allergic conditions accompanied by comorbidities. Their favorable clinical responses may
also contribute to treatment adherence.
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Regarding allergen immunotherapy, SCIT and SLIT demonstrated significant improvements in rhinitis and
asthma symptoms, with SCIT achieving a cumulative remission rate of 86.9%. SLIT stood out for its
safety profile and ease of administration, particularly in children, and demonstrated efficacy against
specific allergens, such as pollen and house dust mites. In addition to alleviating symptoms, allergen
immunotherapy promotes long-lasting immunomodulation, with benefits that may persist for years after
treatment discontinuation, improving quality of life and reducing medication use.

With respect to adverse events, allergen immunotherapy generally presented a higher frequency of local
and systemic reactions of mild to moderate severity, such as oral pruritus and edema, with
approximately 5% of patients receiving SLIT reporting systemic reactions. Biologic agents, in contrast,
were associated with fewer serious adverse events and lower treatment discontinuation rates, with mild
injection-site reactions among the most commonly reported events.

In summary, biologic agents appear particularly beneficial in severe and complex allergic diseases
accompanied by comorbidities, whereas allergen immunotherapy offers long-term benefits and is
especially relevant for the prevention and control of common allergic symptoms, with a favorable safety
profile. Although allergen immunotherapy may require several months to produce clinically significant
results, biologic agents may act more rapidly, providing symptom relief within a shorter period. Both
therapeutic approaches may be effective, and treatment selection should depend on patient
characteristics and the desired immunological response [18].

Discussion
The findings of this review indicated that allergen immunotherapy (AIT) and biologic medications act at
distinct points in the pathophysiology of respiratory allergies. AIT is characterized by controlled allergen
exposure and the progressive induction of tolerance mechanisms, whereas biologic medications block
specific targets involved in the inflammatory response [4,6]

The evidence gathered for subcutaneous immunotherapy (SCIT) and sublingual immunotherapy (SLIT)
was consistent with clinical benefits in allergic rhinitis, particularly in terms of symptom reduction and
decreased medication use. Recent studies have also demonstrated changes in IgG4, allergen-specific
IgE, and regulatory cells, suggesting that the effects extend beyond symptom control [7,14,23,27,28].
However, treatment responses varied according to the allergen, the product used, the route of
administration, and patient characteristics, precluding the generalization of results obtained with one
preparation to all forms of AIT.

Within the group of biologic medications, the findings were more directly associated with the
inflammatory phenotype. By blocking IL-4 and IL-13 signaling, dupilumab demonstrated favorable
outcomes in chronic rhinosinusitis with nasal polyps and conditions associated with type 2 inflammation
[15, 17, 24, 26]. Mepolizumab targets the IL-5 pathway and demonstrated benefits particularly related to
eosinophilic disease [18, 19, 29]. Omalizumab, which targets IgE, showed favorable outcomes in
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selected allergic diseases [20,22, 26]. These findings reinforce that the outcomes of biologic
medications should not be considered equivalent across different molecules or clinical phenotypes.

Safety must also be interpreted according to the therapeutic strategy. SLIT tends to be associated with
local adverse events, whereas SCIT requires attention to the possibility of systemic reactions. Among
biologic medications, the adverse events reported in the selected studies were predominantly mild;
however, treatment duration and the characteristics of the study populations influenced safety
assessments [8, 9, 11, 18, 20, 22, 26, 29].

One limitation of this review was the heterogeneity of the studies regarding populations, allergens,
products, routes of administration, outcomes, and follow-up duration. In addition, no formal assessment
of the risk of bias of the included studies was conducted, and no quantitative estimation of intervention
effects was performed. Therefore, the findings should be interpreted as a descriptive synthesis of the
selected literature, and the possibility that methodological limitations in the included studies influenced
the results cannot be excluded.

Conclusion
The literature analyzed indicated that AIT and biologic medications provide benefits in the management
of respiratory allergies, although they differ in their mechanisms of action, indications, and safety
profiles. SCIT and SLIT demonstrated benefits primarily in symptom control and modulation of the
immune response, whereas biologic medications showed clinically relevant outcomes in specific
phenotypes, particularly in severe disease and type 2 inflammation. Treatment selection should be
individualized and based on clinical phenotype, sensitization, disease severity, previous treatment
response, safety, adherence, and patient characteristics [26, 29]. The findings provide a comprehensive
overview of the efficacy of these therapies, considering aspects such as symptom reduction,
inflammation control, and improvements in patients' quality of life. Furthermore, data on adverse events
are essential for understanding the challenges associated with the long-term use of these therapeutic
approaches, contributing to a critical assessment of the risk–benefit profile of each treatment.
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Figure 1

Flowchart of the literature search and study-selection process.

Source: Prepared by the authors.
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